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ABSTRACT 

Abundances of 18 elements are determined for the common proper-motion 
pair, HD 134439 and HD 134440, which shows high [Mn/Fe] and low [a/Ye] 
ratios as compared to normal halo stars. Moreover, puzzling abundances are 
indicated from elements whose origins are normally considered to be from the 
same nucleosynthesis history. Particularly, we have found that [Mg/Fe] and 
[Si/Fe] are lower than [Ca/Fe] and [Ti/Fe] by 0.1-0.3 dex. When elemental 
abundances are interpreted in term of their condensation temperatures (7c) j 
obvious trends of [X/Fe] vs. Tc for a elements and probably iron-peak ele- 
ments as well are shown. The hypothesis that these stars have formed from a 
dusty environment in dSph galaxy provides a solution to the puzzling abun- 
dance pattern. 

Key words: stars: abundances - stars: individual: HD134439, HD134440 - 
stars: Population II - stars: late-type - Galaxy: evolution 



1 INTRODUCTION 

It is well accepted that metal-poor halo stars have the enhanced [a/Fe] 1 ratio of 0.4 dex while 
this ratio decreases with increasing metallicity for stars with [Fe/H] > —1. In contrary to 
this traditional view, a few metal-poor stars showing relatively low [a/Fe] in the metallicity 

* Based on observations made with ESO Telescopes at the La Silla or Paranal Observatories from ESO archive and data 

collected at Subaru Telescope and obtained from the SMOKA science archive at Astronomical Data Analysis Center, which 

are operated by the National Astronomical Observatory of Japan, 
f E-maihgzhaoObao. ac.cn 

1 Here a usually denotes Mg, Si, Ca and Ti elements. 
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range of —2.0 < [Fe/H] < —0.7 have been reported ((Nissen fc Schuster 



1997 



Ivans et al. 



2003T ). and abundances and kinematics accumulated in spectroscopic observations indicate 



that some of these low-a stars could be accreted from nearby dwarf gal axies which have a 



lower star fo rmation rate than the Ga l actic halo ([Gilmore fc Wvse 
Recently. 



199 



Shigevama fc Tsuiimotd ([20031 ) have proposed a new possible origin for low-a 
stars in the metallicity of —2.0 < [Fe/H] < —1.0. They suggested that some metal-poor stars 
harbor planetary systems and show low-a ratios due to engulfing planetesimals. Inspired 
by this conjecture, we attempt to investigate the abundance pattern of HP 134439 and 
HD 134440, which are the best test samples with the reported low [a/F e] (|Kinelll997l ) and 
the metallicity in the middle of —2.0 < [Fe/H] < — 1.0. Il vans 
stars is close to [Fe/H] = —2.0 while most low-a stars in 
[Fe/H] > —1.0. Moreover, these two stars are a common proper-motion pair and abundance 
difference between this pair provides a way to inspect the possibility of harboring planetary 
systems. 



et al 



(120031) 's sample of low-a 
Nissen fc Schuster (jl997l ) have 



Fiilbrighlfc oOO) 



Two previous works on abundance determination of this pair |KinJ l 
gave inconsistent results for some important elements. The abundance ratios of [Na/Fe], 
[Mg/Fe] and [Si/Fe] show deviations of 0.15-0.25 dex. Since these ratios provide crucial 
information on the formation environment of this pair, it is desirable to make a new analysis 
with high quality spectra from UVES/VLT and HDS/SUBARU by an updated analysis 
method in the present work. Moreover, our work will derive abundances for more 
elements based on more lines. In particular, abundances of a few interesting elements, 
such as K, Sc, Mn, Cu, Co and Zn, are not available in the literature. The abundance 
ratios of these elements provide key clues to their origin and give new information on their 
nucleosynthesis history. 



2 OBSERVATIONS AND DATA REDUCTIONS 



In order to reduce analysis error and to facilitate the interpretation of resulting abun- 
dance, we select HD 211998 as a standard star for comparison. HD 211998 is a subgiant, 
which is expected to be immu ne to the planet (if existed) formation process according to 
Shigevama &: Tsuiimotd ([20031 ). and its metallicity is the same as our target stars. 

High resolution UVES spectra were retrieved from the ESO archive 2 with the resolving 



http:/ /www. eso.org 
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power of 40,000 and the signal-to-noise ratio of 200 for HP 1344 39/40 and R~60 000 and 
S/N~400 for HP 211 998. Subaru archive data 3 ( Raba et al. 200^ 1 supplied additional HPS 



(Noguchi et al 



20j3) spectra, for FID 13 1. 139 with R— 90 000 and S/N~300. Note that the 



resolutio n and s ignal- to-no ise of our HPS sp ectra for HD 134439 are higher than 



those of iKind (jl997h and Fulbright (2000), while UVES spectra have similar 
resolution and s ignal-to-noise ratio as those of King (1997). In comparison with 
Fulbright (2000), the signal-to-noise of our UVES spectra is significantly higher. 

The spectra were reduced by using standard routines in MIPAS software for order iden- 
tification, background subtraction, flat-field correction, order extraction and wavelength cal- 
ibration. Bias, dark current and scattered light corrections are included in the background 
subtraction. The spectra were then normalized by a continuum function determined by fit- 
ting a spline curve to a set of pre-selected continuum windows estimated from the solar 
atlas. Finally, correction of radial velocity shift, measured from 20 lines, was applied and 
the equivalent widths were measured by Gaussian fitting. 



Fig. 1 shows the comparison of equivalent widths between this work and iKingi (Jl.997). 
Note that two points showing significant deviations as large as 15 mA are Mg lines at 
A571lA for HP 134439 and HP 13440 respectively. We have checked that our spectra of 
HP 134439 from UVES and HPS give the same equivalent widths for this line. Since our 
HPS spectra have very high quality, and the agreement indicates that our values for this 
line are reliable. The comparison of equivalent widths of HP 134439 from our UVES and 
HPS spectra for 189 lines in common in Fig. 2 also gives consistent values with a deviation 
of AEW(HPS - UVES) = -2.01 ± 3.18 mA. 



3 ABUNDANCE ANALYSIS 



3.1 Stellar Parameters 



The effective temperatures are based on 



Alonso et al 



( 19961) 's IRFM T eS scale and (b-y) 



color indices. Reddening is assumed to be negligible since all stars are within 30 pc from 
the Sun. We have checked that the slopes of iron abunda nces versus excita tion potential are 



small. Gravities are derived from Hipparcos parallaxes ()Ghen et al 



20001 ) and metallicities 



are iterated by abundance analysis. Microturbulences are determined by forcing Fel lines 



,j http://smoka.nao.ac.jp 
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Figure 2. The comparison of equivalent widths of HD 134439 from our UVES and HDS spectra. The thick line is the linear 
fit to the points, whereas the dashed line is the one-to-one relation. 



with different strengths to give consistent abundances. Stellar parameters and resulting 
abundances are presented in Table 1. 



Our temperatures are generally consistent with those in iKingl (J1997) with deviations of 
21 K and 67 K for HD 134439 and HD 13444 0, respectively, but th ey are significantly higher 



than those in 



Fulbrighd (J2000). As noticed in lChen fc Zhad (j2006l ). spectroscopically-derived 
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Table 1. Atmosphere parameters and [X/Fe] ratios for HD 134439(1), HD 134440(2) and HD 2119988(3). X indicates different 
elements. 



[X/Fe] 


(1) 


(2) 


(3) 


[X/Fe] 


(1) 


(2) 


(3) 


T eff (K) 


5021 


4852 


5241 


Sc 


-0.03 


-0.04 


0.01 


logs 


4.66 


4.64 


3.34 


Ti 


0.18 


0.20 


0.34 




1.10 


1.10 


1.10 


V 


0.01 


0.05 


-0.07 


Fel 


-1.43 


-1.45 


-1.45 


Cr 


-0.01 


0.06 


-0.07 


Fell 


-1.43 


-1.45 


-1.48 


Mn 


-0.41 


-0.37 


-0.59 


Na 


-0.48 


-0.49 


-0.13 


Co 


-0.03 


0.05 


-0.03 


Mg 


-0.09 


-0.10 


0.22 


Ni 


-0.12 


-0.13 


-0.03 


Al 


-0.22 


-0.19 


-0.12 


Cu 


-0.69 




-0.63 


Si 


0.04 


0.04 


0.33 


Zn 


-0.04 


-0.06 


0.02 


K 


0.10 


0.08 


0.77 


Y 


-0.22 


-0.28 


-0.03 


C'a 


0.09 


0.08 


0.36 


Ba 


-0.35 


-0.36 


-0.04 



temperatures for solar type stars show systematically deviations in opposite directions in 
different works, and they strongly depend on stellar model atmosphere, the selection of 
lines, the adopted atomic data, and so on. We thus prefer the IRFM-based photometric 
temperatures. Furthermore, surface gr avities i n the prese nt work ar e deriv ed from parallaxes 



which are more reliable than those in 



Kind (119971) and 



that the microturbulences of this pair adopted by 



Ful 



Fulbright 



bright f 20001 ) . Finally, we note 



( 200(1 ) are 0.7 kms -1 which are 
quite low as compared with the usually adopted value of 1.5 kms -1 for metal-poor stars in 
the literature. 



The inte r nal er ror in T e g- derived in the present work is around 70 K as shown in 



Nissen et al. 



(2004) - Con sidering the significant discrepancy with spectroscopically-derived 



value in iFulbrightl (|2000l ). we adopted the error of 150 K in T er r as the maximum value of 
temperature error. Errors of other atmospheric parameters are estimated to be 0.15 dex in 
logg, 0.1 dex in [Fe/H] and 0.3 kms -1 in £ t . 



3.2 Abundances and Error Analysis 



The unblended lines wi th strength st rong enough for measurement were carefully selected by 



using the solar atlas of 



Moorel (196 



from the same sources as those in 



The oscillator str engths are mainly the same or taken 



Chen et al. 



2000 ). which are checked for consistency 



with the Sun being one of "standard" stars. The atomic line data and equivalent widths 
for HD 134439, HD 134440 and HD 211998 are presented in Table Al 4 , which is published 
electronically only. 

The model atmospheres were interpolated from a grid of plane-parallel, LTE models 



4 Table Al will be available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) 
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Figure 3. The comparison of abundances between this work (circle) andjking 11997) (triangle), and Fulbrieht (200(j) (square) 
for HD13 4439 (filled s ymb ols) and HP 1344 40 (open symbols). The low panel shows the deviation of abundances between this 
work and King 11997) and Fulbrieht (2000) for the two stars. 



provided bv iKurucd (|1995[ ) in which convective overshoot is switched off. The ABONTEST8 
program, developed by P. Magain in the Liege group, was used to carry out the calculations of 
theoretical equivalent widths of lines and abundance was derived by matching the theoretical 
equivalent widths to the observed values. Hyperfine structures for Sc, Mn, Cu and Ba are 
checked to have small effects since the ad opted lines are weak in metal-poor stars. Solar 



abundances from iGrevesse fc Sauvall (|1998| ) are adopted to derive the relative abundances. 
Since Si and Zn lines corresponds to high excitation levels and are weak in our 
stars, they are formed from deep in the stellar atmospheres which is similar as 
that of Fell lines. In view of this, iron abundances from Fell lines were adopted 
to derive [Si/Fe] and [Zn/Fe] ratios. On the contrary, iron abundances from Fel 
lines were used to obtain [Ba/Fe] ratio because Ball lines behave more like Fel 
lines rather than Fell lines. In this way, we can expect that errors of [X/Fe] ratios can be 
greatly reduced. For other elements, we follow the general rule that elemental abundances 
derived from neutron lines are relative to Fel lines and abundances from ionized lines are 
relative to Fell lines. 

The uncertainties estimated by a change of 150 K in T e g, 0.2 dex in logg, 0.1 dex in 
[Fe/H] and 0.3 kms _1 in f t are shown in Table 2, where numbers with brackets indicate the 
internal errors by using 70 K as an error in temperature. It shows that abundance errors 
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Table 2. Abundance errors for HD 34439 and HD 134440. 



£BS AT off (AT cff ) A logs A [§] 
+150K (+70K) +0.2 +0.1 



HD134439:5021 K/4.7 /-l. 4/1.1 



A£t (Ttot CTtot 

+0.3 150K (70 K) 



AT cff (A T«ff) A logs A [f ] 
+150K (+70K) +0.2 +0.1 



HD134440:4852 K/4.6 /-l. 4/1.1 



A£t (Ttot Otot 

+0.3 150K (70 K) 



A[FeI/H] 


0.009 


0.122 


(0.055) 


-.007 


0.010 


-.016 0.129 


(0.059) 


0.009 


0.111 


(0.056) 


0.005 


A [Na/Fe] 


0.056 


0.038 


(0.016) 


-.049 


-.006 


0.012 0.084 


(0.077) 


0.038 


0.040 


(0.028) 


-.057 


A[Mg/Fe] 


0.044 


-.046 


(-.032) 


-.001 


-.018 


0.013 0.067 


(0.058) 


0.046 


-.035 


(-.022) 


0.000 


A[A1/Fe] 


0.014 


0.066 


(-.025) 


0.012 


-.016 


0.016 0.072 


(0.037) 


0.031 


-.033 


(-.014) 


0.005 


A[Si/Fe] 


0.043 


-.115 


(-.065) 


0.050 


-.005 


0.015 0.134 


(0.094) 


0.033 


-.120 


(-.073) 


0.059 


A[K/Fe] 


0.026 


0.071 


(0.055) 


-.023 


0.051 


-.011 0.094 


(0.083) 


0.019 


0.070 


(0.050) 


-.102 


A[Ca/Fe] 


0.021 


0.014 


(0.010) 


-.031 


-.011 


0.004 0.041 


(0.040) 


0.024 


0.038 


(0.028) 


-.048 


A[Ti/Fe] 


0.034 


0.097 


(0.047) 


-.016 


-.012 


-.005 0.105 


(0.061) 


0.040 


0.125 


(0.066) 


-.030 


A[V/Fe] 


0.048 


0.080 


(0.041) 


0.005 


-.018 


0.010 0.095 


(0.066) 


0.039 


0.116 


(0.058) 


0.002 


A[Cr/Fe] 


0.036 


0.057 


(0.030) 


-.030 


-.009 


-.007 0.074 


(0.056) 


0.041 


0.080 


(0.045) 


-.043 


A[Mn/Fe] 


0.030 


0.038 


(0.020) 


0.010 


-.014 


0.010 0.051 


(0.040) 


0.045 


0.069 


(0.033) 


0.011 


A[Co/Fe] 


0.030 


-.018 


(-.008) 


0.037 


-.005 


0.012 0.052 


(0.049) 


0.045 


-.011 


(-.010) 


0.052 


A[Ni/Fe] 


0.018 


-.040 


(-.014) 


0.039 


0.002 


0.011 0.059 


(0.046) 


0.018 


-.031 


(-.024) 


0.054 


A[Cu/Fe] 


0.009 


-.034 


(-.016) 


0.043 


-.003 


0.015 0.057 


(0.048) 










A[Zn/Fe] 


0.015 


-.134 


(-.062) 


0.062 


0.005 


0.008 0.149 


(0.090) 


0.015 


-.121 


(-.070) 


0.070 


A[Ba/Fe] 


0.025 


-.066 


(-.029) 


0.062 


0.024 


-.004 0.097 


(0.077) 


0.058 


-.034 


(-.025) 


0.071 



-.003 
-.011 
0.002 
-.005 
0.029 
-.043 
-.023 
-.040 
-.018 
-.033 
-.006 
0.022 
0.028 

0.028 
0.032 



-.016 
0.013 
0.014 
0.015 
0.015 
-.009 
0.004 
-.009 
0.006 
-.006 
0.005 
0.011 
0.012 



0.118 
0.081 
0.059 
0.047 
0.141 
0.132 
0.069 
0.141 
0.123 
0.105 
0.083 
0.073 
0.071 



0.009 0.144 
-.003 0.103 



A[FeII/H] 


0.051 


-.056 


(-.029) 


0.081 


0.026 


-.011 0.105 


(0.104) 


0.060 


-.047 


(-.038) 


0.113 


0.046 


-.009 0.133 


(0.130) 


A[SiI/FeII] 


0.043 


0.063 


(0.021) 


-.038 


-.021 


0.010 0.102 


(0.082) 


0.033 


0.038 


(0.021) 


-.049 


-.020 


0.008 0.095 


(0.089) 


A[ScII/FeII] 


0.031 


0.070 


(0.044) 


-.003 


0.000 


0.007 0.092 


(0.070) 


0.038 


0.082 


(0.044) 


-.009 


0.001 


0.005 0.109 


(0.084) 


A[ZnI/FeII] 


0.015 


0.044 


(0.024) 


-.026 


-.011 


0.003 0.074 


(0.064) 


0.015 


0.037 


(0.024) 


-.038 


-.021 


0.002 0.084 


(0.079) 


A[YII/FeII] 


0.015 


0.088 


(0.053) 


-.003 


-.001 


0.005 0.103 


(0.069) 


0.015 


0.098 


(0.053) 


-.011 


-.007 


0.000 0.117 


(0.082) 


A[BaII/FeII] 0.025 


0.112 


(0.069) 


-.026 


0.008 


-.009 0.129 


(0.084) 


0.058 


0.124 


(0.069) 


-.037 


-.017 


-.010 0.155 


(0.116) 



are 0.12 dex for iron abundances and less than 0.1 dex for [X/Fe] ratios even the external 
error of 150 K is used. Clearly, main errors in abundances of most elements come from the 
uncertainty of temperature. The abundance errors will be greatly reduced (about 0.07 dex) 
when the internal error in temperature of 70 K is adopted. 



Kind (119971) and iFulbrightl (J2000) 



Kind Jl997j). The [Na/Fe] 



The comparisons of uur abundances with those in 
are shown in Fig. 3. Generally, our values are quite similar with 
and [Ca/Fe] show the largest deviations around 0.1 dex. Note that more lines are used in 
the presen t work to de rive abundances while only one line for Na and three lines for Ca are 



adopted in 



King! (|l997l ). In comparison with Fulbright (2000), there is a large disagreement by 



0.2-0.3 dex in [Na/Fe] and [Si/Fe]. Since our abundances are derived with a more reasonable 
atmospheric parameters based on spectra with higher signal-to-noise, they may be more 
reliable. 



4 ABUNDANCES AND DISCUSSIONS 

The common proper-motion pair is presumed to be formed out from the same cloud, and 
thus we can expect that HD 134439 and HD 134440 have the same age and chemical history. 
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Figure 4. The [X/H] (differential to HD 211998) vs. T c for HD 134439 (filled circles) and HD 134440 (open circles) where X 
indicates different elements and thick lines connect abundances of the two stars for the same element. 

Unfortunately, it is difficult to determine their ages since they are on the main sequence. 
Fo r chemical c omposition, identical abundances between these two stars have been found 



by 



Kind (|l997l ) for six elements and are confirmed in the present work for more elements 



as shown in Fig. 4. One exception is the lithium abundance. W e obtained t he abundance of 
0.48 dex for HD 134439 which is close to the value (0.53 dex) in King ( 199tI ). The Lil line at 
A6708A is undetected for HD 134440 and an upper limit of Li abundance is 0.06 dex based 
on the assumed equivalent width of 3.0 mA. 

Some common proper-motion pairs, e.g. 16 Cyg and HD 219542, are re ported to harbor 



planets and abundance differences in planet 



2001 



Gonzalez et al 



2001 



Sadakane et al 



lost s tars have b een suggested ( 



20031 ). However, 



Desidera et al 



aws fc Gonzale 



( 20041 ) recently 



studied 23 common proper motion pairs with solar metallicity, some of which harbor planets, 
and suggested that differences in iron abundances between the pairs are less than 0.07 
dex. Presently, it is premature to exclude the possibility of the presence of planets on the 
HD 134439/40 pai r based on t heir identical abundances. 

As reported bv lKin g (1997) and confirmed in the p resent work, this pair has l ower \a/Fe] 



ratio than normal stars at [Fe/H] ~ —1.5. According to lShigevama fc Tsuiimotd ([20031 ) . low- 
a metal-poor stars might harbor planets and they accreted planetesimals which enhanced the 
surface content of Fe and thus reduced the [a/Fe] ratios. In this regard, we would expect an 
increasing enhancement of elements with higher condensation temperatures (hereafter, Tr\ - 
Simply, we adopted the condensation temperature of the solar system from lLodder s (2003) 
since there is no better source in the literature. However, there is no any clear trend in Fig. 4 
where abundances, relative to the comparison star HD 211998, versus Tc are shown for both 
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HD 134439 and HD 134440. Especially, Zn has low Tq but does not show underabundant 
[X/Fe] ratio as much as Mg and Si elements which have higher To. Moreover, [Mn/Fe 



i s high er than HD 211998 which is contrary to the prediction bv iShigeyama fc Tsujimoto 
(2003J) that low [a/Fe] stars with low [Mn/Fe] harbor planetary systems. In addition, our 
abundances of Mn, Co, C r and Ni elements, as pr e sente d in Table 1, do not 
support the suggestion by Tsuii moto &: Shigevamal (2006) that HD 134439/40 
are relics of a population III SNIIIa in which they predicted the deficiency of 
odd-number elements, Mn and Co, relative to even-number elements, Cr and 
Ni. 

HD 134439/40 have the same and special kinematic parameters (i? apo =45 kpc, Vlsb=- 



315 kms 



7 

i t-'max 



1.7kpc ) which are thought to be a evidence of accreted substructure in 



the halo field according to 



by 



Carnev et al 



Similarly, other eight low [a/Fe] stars found 
Nissen fc Schuster! (jl997l ) also show large R apo and Z max and they were related to the 



accretion of our Galaxy from nearby dwarf spheroidal (dSph) galaxies. The inspection of our 



Shetrone et al 



result ing abundances of HD 134439/40 with stars in dSph galaxies by 

20031 ) shows generally similar abundance pattern. For example, the [Na/Fe] ratio in our 



stars is lower than [Al/Fe], which is consistent with the Fig. 2 of Shetrone et al. (2003) for 
stars in dSph galaxies. Moreover, the [Ni/Fe] of this pair is lower than that of the reference 
sta r HD 211998 by 0. 1 dex, indicating a Na-Ni correl ation in low [a/Fe ] field stars found 



by 



Nissen fc Schuster! (|l997l ) and in dSph galaxies by 



Venn et al 



( 20041 ). Thus, to a large 



sense, this pair is related to an chemical evolution history like dSph galaxies. Particularly, 
this is further wit nessed by the higher [Mn/Fe] than the co mparison star HD 2 1 1998 by 0.2 



dex. As noted by 



Nissen et al. 



( 20001 ) . low [a/Fe] stars in iNissen fc Schuster! ([19971 ) have 



higher [Mn/Fe] than normal stars. This is consi stent with their origins from dSph galaxies 



because Mn is mainly produced by SN Type la (jSamland 1998) which starts to contribute 
the chemical evolution of dSph galaxies at lower than usual [Fe/H] values in the Galaxy. 

However, the suggestion that they are accreted from dSph galaxy may not be the whole 
story of this common proper-motion pair. With careful inspection of the abundances in 
Table 1, some interesting features, which are not found stars of dSph galaxies, are shown. 
The most obvious feature is that [Mg/Fe] is lower than [Ca/Fe] by 0.2 dex and than [Ti/Fe] 
by 0.3 dex, and [Si/Fe] is also slightly lower than [Ca/Fe] and [Ti/Fe]. Note that the low-a 
young globular cluster Rup 106, presumably accreted from t he Sagittarius dwar f galaxy, 
do not show difference between Mg-Si and Ca-Ti abundances ((Brown et al.l 119971 ) . On the 
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Figure 5. The [X/Fe] vs. Tq for a elements and iron group elements. Elements are indicated in order of increasing Tq. 



contrary, 



Venn et al. 



( 2004 ) found even lower [Ca,Ti/Fe] ratios than [Mg/Fe] in metal-poor 



dSph systems. Furthermore, there is a underabundant [B a/Yl by 0.1 dex in HP 134439/40, 



Venn et al 



( 20041 ). who found a 



which is inconsistent with most dSph stars according to 
large overabundance in [Ba/Y] in the comparison of stars from seven dSph galaxies with 
Galactic stars. It seems that additional mechanism is required to explain the abundance 
pattern of this pair. 

Since the two stars were formed in a low supernova Type II environment as indicated 
by their low a ratios, it is natural that dust accretion provides a possible solution to these 
unexpected features. Probably, the two field low a stars have formed from a dusty envi- 
ronment where dust from the late stages of stellar evolution in a prior generation of stars 
contaminated the pro-stellar material of this pair. In connection with the dust observations, 
this suggestion is p romising since the ex istence of very cold dust in low metallicity galaxy 
has been reported ( Galliano et al. 2003) which indicates that the mass ratio of dust-to-eas 

ni — i 

ratio is significantly higher than normal value in the Galaxy (jLil 120041 ) . It is well known 
that the depletion pattern of gas onto dust in a prior generation of st ars shows a de creasing 
depletion factor for elements with higher condensation temperatures ([Jenkins! 12004). There- 
fore, if the proto-cloud of this pair is polluted by material with a usually high dust-to-gas 
ratio, we would expect an increasing enhancement of elements with higher condensation 
temperatures. The relation of [X/Fe] vs. Tc for a elements and Fe-group elements in Fig. 5 
respectively, so that small trends can be detected by comparing elements which are thought 
to be formed from the same nucleosynthesis site. In this plot, the average values of HD 134439 
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and HD 134440 are adopted as representative abundances of this pair. Here, Zn is included 



in iron group elements since it follows Fe at [Fe/H] ~ —1.5 (jNissen et al.ll2004|) while Mn 



is excluded due to the odd-even effect of this element found in Galactic stars rtNissen et al 



20001 ) and Ni is also excluded due to the Na-Ni correlation described above. As expected, a 



positive slope in the [X/Fe] vs. T c 
on abundances of a elements from 



or a e 



ements is clear. This trend is also visible based 



Kind (|1997f ) as shown by open squares in Fig. 5. For 



Fe group elements, the trend is generally masked within the abundance uncertainty, but 
there is a hint that [Zn/Fe], being an element least contained in dust, is lower than the 
average [X/Fe] of other Fe group elements such as V and Cr. Alternatively, the hypothesis 
of accreting planetesimals, which also gives rise to a positive slope in the [X/Fe] vs. Tc, is 
difficult to be accepted since there is a low probability for both stars in this common proper 
motion pair have accreted the same mass of planetesimals with the same composition. It 
seems that these abu ndances favor the dust pollution hypothesis. Interestingly, two blue 



metal-poor stars from 



Tvaris et al 



(2HQ3J), CS 22966-043 and CS 22941-012, have lower Mg 



and Si ratios than Ca and Ti ratios. However, it is unclear if the dust pollution can explain 



Ivans et al. 



(2003j)'s result since CS 22966-043 is a low a stars while CS 22941-012 has high 
[a/Fe] (with the mean value of Mg, Si, Ca and Ti above 0.3 dex). More observational data 
and knowledge on dust formation and evolution are desirable to understand these results. 



5 CONCLUSIONS 



We have derived abundances of 18 elements for the HD 134439/40 common proper- motion 
pair. With new determined abun dances of Mn, Co and Zn, our re sult do not favor the accre- 



tion o f planetesimals suggested by 



Shigevama fe Tsuiimotd (J2003J) and lTsuiimoto fe Shigevama 



(2006) as a possible origin of their low [a/Fe] ratios. Instead, abundance results of low [a/Fe] 
ratios, high [Mn/Fe] and the Na-Ni relationship are generally consistent with the kinematical 
evidence of a discrete accretion from dSph galaxy. Furthermore, the hint of positive slopes 
of [X/Fe] vs. Tc for a elements and probably iron group elements for this pair may indicate 
that the proto-cloud of this common proper pair is polluted by material with a usually high 
dust-to-gas ratio in a low SN Type II environment such as dSph galaxy. 
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